ABSTRACT. Systematic collections have revealed that the Madang Lagoon is a highly heterogeneous reef system which shows an unprecedented diversity of marine invertebrates (e.g., about 180 species of gammaridean Amphipoda). The characteristics of the Madang Lagoon, including its geological origin, physical geography, and physical and biological oceanography, are described and discussed. Traditional names are used for the reefs and islands of the lagoon. An appendix includes a list of all current collecting localities for the Madang Lagoon amphipod project. Coordinates for these collecting localities have been determined using a global positioning device.
. The objective of this work was to collect all the gammaridean amphipod species from the lagoon and adjacent areas with the intention of describing the fauna. Because of the unique tectonic and geological history of northern New Guinea in general and the Madang Lagoon in particular, the results of this work should, in addition to documenting the amphipod fauna, provide new insights into the diversity and distribution patterns of Indo-west Pacific amphipods.
Three hundred and six separate samples were made by diving and trapping. Coral rubble was collected in large buckets or bags. Sediments were collected in plastic bags, fine mesh bags by swimming along the bottom Iike a human dredge or with an airlift. Algae, seagrasses, sponges and tunicates were collected separately in plastic or fine-mesh bags. Baited traps were set in all of the lagoon habitats, down the face of the outer barrier and onto the sea bottom of Astrolabe Bay to a depth of 500 m. Occasionally we night-lighted from a small boat over reef or soft bottoms or towed a plankton net.
The sorted and identified collections indicate an amphipod fauna in excess of 180 species. These species have been identified and divided between us, mainly at the family level, for study and description in a series of papers.
Publication of Results
It is expected that the majority of taxonomic accounts from the study will be published in the Records of the Australian Museum. A series of paratypes, for as many species as possible, will be held in trust by the Australian Museum on behalf of Papua New Guinea, until such time as they are required.
Several papers describing new species from this study have already been published. Lowry & Stoddart (1990) described two new species of wandinid lysianassoids, Pseudocyphocaris gosema m3 l? lobata. Thornas & Barnard (1 99 1a) described a new species of corophiid corophioid, Kamaka taditadi, and (Thornas & Barnard, 1991b) a new species of iphimediid, Iphimedia xesta. Lowry & Stoddart (1992) described a new species of uristid lysianassoid Ichnopus malpatun from the face of the outer barrier of Madang Lagoon.
The Physical Environment and iF History
Christensen Research Institute (CRI) lies on the inner coastline of a large lagoon about 16 km long and 4 km wide (a total area of 40 km2) (Fig. 2) . This is bordered on its seaward edge by a narrow barrier reef, which is steep-sided on its seaward side, with depths of 400 m found within l km of the reef. Inside the lagoon the bottom is even in depth (30-40 m) , and there are numerous shallow patch reefs and coral rubble islands that support rich fringing reefs. The inner coastline is much dissected by deep "harbours" which appear to have formed through differential coral growth around river systems. This inner coast has shallow fringing reefs between 10 and 50 m wide. The reef slope of these and the patch reefs fall off steeply at angles of 20" to 30° to the lagoon floor. The lagoon bottom is generally covered by a thick layer of silty clay that supports a rich burrowing fauna. Coarse sand and coral rubble dominate near the deep water passages and reefs. There are two major river inlets within the lagoon, Biges River at the extreme north and Meiro and Wagol Rivers at the extreme south. These rivers carry silty water which traverses the whole lagoon after heavy rains and generally leaves the lagoon rapidly without mixing appreciably. Several other minor inputs also occur, but in relative terms, the catchment behind the lagoon system is small. The watershed lies about 6 km inland, and with the exception of the above river systems, it scarcely exceeds the area of the lagoon.
There are five major passages through the barrier reef; Id Awan, Naz Awan, Dam Awan, Awan Biziwan and God Awan. These passages are as deep or deeper than the floor of the lagoon, Similar lagoonal systems are found to the north; Sarang, DiIup and Rempi, and east of Madang at Gitua, Sialum, Finsch and Dreger Harbours, The Madang Lagoon however, exceeds all of these in complexity and size.
Two geological events are of equal importance to a discussion of the Madang Lagoon and its biota. Firstly the broad scale tectonic history provides an understanding of the major biogeographical units that have come together to make up the north coast of New Guinea over the past 50 million years. On a local scale the Quaternary (last 2 MA) history of tectonic uplift and accompanying fluctuations in eustatic sea level, especially during the Holocene (last 10 KA), have brought about the present coral reef structure we see today in the Madang region.
Tectonic History
The island of New Guinea is composed of at least 32 separate terranes (micro-continental plates) located on four lithospheric plates (Indo-Australian, North Bismark Sea, South Bisrnark Sea and Pacific) (Pigram & Davies, 1987) . Pandolfi (1992) has recently summarised the tectonic history of New Guinea and its biogeographic significance.
About 50 MA ago the Indo-Australian plate rifted from the Antarctic plate and began a northward migration that led to the collision of the Gondwanan and Laurasian fragments to create both the island of New Guinea and the Indonesian Archipelago.
As it drifted northwards, the edge of this plate began a long period of collision with a complex subduction zone, starting about 30 MA (middle Oligocene). During this period terranes began to dock with the northern coastline of New Guinea. Of the 32 techno-stratigraphic terranes identified by Pigram & Davies (1985 , 1987 some were displaced portions of the northern edge of the Indo-Australian plate, while others were formerly parts of Gondwana that had been detached since the early Mesozoic (180 MA). Some of these terranes are composed of deep-water carbonates, while others indicate that they were plateaus, seamounts or parts of island arcs. The latest of these dockings probably occurred just 2 MA (early Pleistocene) with the collision between the Finisterre Terrane and the New Guinea Orogen (Composite plate) (Crook, 1989) .
Accompanying this northward drift was a counterclockwise rotation which led to a period of collision from 15 MA (Mid-Miocene) to 5 MA (Pliocene) between the Indo-Australian plate and the Asian component of Laurasia, creating much of the eastern Indonesian archipelago (Audley-Charles, 198 1). This created a massive barrier across what was formerly a major connection between the Pacific and Indian Oceans.
These docking events brought together vast areas of reef systems, along with their associated faunas, formerly separated over many hundreds or thousands of kilometers of ocean. Formerly dispersed biogeographic elements have thus been brought together continuously over the past 30 MA. The biogeographic consequences of such a composite unit has led to the loss of any discernible pattern of distribution, as well as unexpectedly high diversities.
Sea Level Changes-Formation of the Lagoon
During the Pleistocene (2 MA to present) there have been regular cycles of Ice ages, leading to the lowering of sea levels throughout the world (eustatic).
The ongoing tectonic uplift of some parts of the north coast of New Guinea Zed to the development of massive raised carbonate terraces during periods of sea level rise (Chappell, 1974) . During the last 120,000 years, eustatic sea IeveIs have mostly been lower than today, with the last major inundation occurring from about 18,000 years ago, when sea level stood some 130 m below modem Cartoon of the raised reef terraces at Jais Aben Resort illustrating the nature of, and relationships between, the Upper Layer and the Lower Layer (from Tudhope, 1992) . levels, to 8,000 years ago, when it was within 20 m of modern levels (Chappell & Polach, 1976) .
Using a computerised model developed by Chappell (pers. cornm.) it is possible to examine reef formation with variable tectonic uplift and coral growth rates coupled with known sea level changes. The northern coastline of New Guinea drops off steeply, and there is no continental shelf. Both modern and historic reefs would have been confined to the near or very nearshore environment. Figure 4A shows the major physical features pertaining to an idealised cross section of the lagoon. The lagoon floor lies at a maximum of 40 m, while outside on the outer barrier wall there are two narrow terraces, one at about 55 m and another at about 70 m. Islands on the barrier, within the lagoon, and along the inner coastline have terraces at about 3 m and 5 m above sea level. Further inland reef terraces lie at 10 to 12 m above current sea level.
Varying the parameters above, it is possible to show that with an assumed constant uplift rate of 0.5 m/ KA and reef growth rates between 3 to 4 m/KA (Chappell, [l9741 estimated a mean growth of 4.7 m/ KA for a 10 KA reef at Sialum), that the major structural features can be accounted for in the following scenario. Rising sea levels (Fig. 4 8 ) accompanied by tectonic uplift lead to the development of reef terraces. In the Madang region seven major reef terraces would have formed over a period of the last 135,000 years. There is no direct evidence or dated material for this supposition however.
Following formation of the last formed terrace (20-16 KA) sea level rise far oustripped the rate of tectonic uplift as the sea level rose some 30-40 m in the space of 10,000 years. This would have led to the sudden inundation of the terrace formed between 66 and 50 KA. It is possible that during this period the outer barrier and mid-lagoon patch reefs of the Madang Lagoon were formed. Darwin (1854) postulated that the forereef of lagoonal systems outstrips lagoon floor growth since the body of water which accumulates behind such a developing reef becomes depleted in nutrients and is enriched with waste products.
More recent data suggest that fore reefs may grow vertically by between 4 and 12 m/KA, while lagoonal sys terns would only increase by 1.5 d K A . Chappell & Polach (1976) have shown that Holocene reef terraces at Sialum accrued at a mean rate of 4.7 m/ KA, while the maximum rate was about 8 d K A . Midlagoon patch reefs and islands may have developed in a similar manner during this period. Chappell (1974) noted that in the western parts of the Huon reef terraces, where uplift rates are of the order of 0.5 m/KA, barrier and lagoonal associations predominate, while in the east, where uplift rates range During maximal periods of rise, sea level would have risen between 8 to 17 m per thousand years (ChappeIl & Polach, 1976) . Thus, if the barrier was formed during this period it would have been a truly remarkable rate of growth (Chappell, 1989) . There is a possibility that the barrier may possess a Pleistocene core, but evidence for this is lacking.
Stratigraphic examination of the modern 3 m terrace around CRI by A. Tudhope (pers. comm., 1992 ) reveals a complex Holocene history. Two distinct layers are present in the terrace (Fig. 5) . The boundary between these layers is characterised by a large number of massive micro-atolled corals. These suggest a period of relative stable sea level. In the upper layer there are numerous micro-atolls at differing levels, suggesting a pulsed rise in sea level over several centuries. Since eustatic sea levels have not be known to vary in this way (Chappell, 1974) , the structure of these reefs can only be accounted for by localised tectonic subsidence or gravitational slumping in the Madang region (Tudhope, 1992) .
This complex Holocene history may well account for the variation seen today in the combination of barrier reef and islands, as well as mid-lagoon isIands and both deep (3-4 m) and shallow (<l m) patch reefs. Differential silting adjacent to the Meiro, Nagada and Biges rivers have probably also been long term influences on reef growth.
Volcanoes
A string of volcanoes (e.g., Bam, Manam, Karkar, Bagabag, Crown Island and Long Island) lies along the tectonic boundary between the North Bismark Sea and the South Bismark Sea. These comprise the Bismark Volcanic Arc. The oldest of these volcanoes is about 5 million years old, and some remain active today. Many have a history of pyroclastic eruptions. Long Island contains a water-filled caldera about 8 km across which last erupted between 1&a) ad 1840 (Blong, 19821, depositing over 10 cm of ash on some parts of the Madang coastline (Blong, 1982) . Dating of fossil, in situ Porites coral heads on Depilik Tabub suggests a date of c.200 years before present whilst living heads rarely exceed 150 years (A. Tudhope, pers. comm.) . The relative abundance of these fossil heads, and their contemporary ages is highly suggestive that the Long Island eruption was the causative agent.
The eruption of Ritter in 1888 produced tsunamis that struck New Britain and the New Guinea mainland (Dow, 1977) . Earthquakes can also have important impacts on the quantity of sedimentation and reef growth (S toddart, 1972 ). An earthquake of force 8.2 on the Richter Scale, in the Madang area in 1972, led to landslides in which some catchments lost up to 60% of their vegetation (Johns, 1986) . Other important climatic effects such as droughts and forest fires are also documented by Johns (1986) . Cyclonic winds are virtually unknown on the Madang coastline (Johns, 1986) . 
Tides
Madang experiences a mixed semidiurnal tide. Tidal range varies between 0.2 and 1.1 m during an annual cycle. The mixed tide is dominated by a single high and low, with a variable mixed element, that tends to lie close to the high. Prolonged low tide levels can sometimes coincide with the middle of the day. Such a situation may explain the absence of tidal flats. Corals only appear above water level on l or 2 days of the year. Other structural features apparently missing from the Madang Lagoon in addition to tide flats are spur and groove formations on the outer barrier reef and algal ridges. A combination of changes in relative sea level and the particular tidal regime may account for this. The Madang region is strongly influenced by the El Nifio Southern Oscillation (ENSO) event. Rainfall varies greatly between adjacent years, from 2500 mm in dry years (1987, 1992) to 4500 mm in wet years (1990) .
General Description of the Biological Habitats (Partly based on Oliver, 1988) Mangrove Associations
Mangrove development is slight in the Madang region, as it is along the entire north coast of New Guinea. This is a consequence of the recent rapid changes in sea level and the lack of large estuarine deposits or deltaic build-ups. Two major mangrove areas occur behind Riwo and around the mouth of the Meiro River (see Fig. 2 ). Eighteen species of mangrove have been recorded (Rau, 1988) .
Back of Nagada Harbour and other Similar Inlets
( Fig. 6a) Coral cover ranges from 0-50%. The bottom consists of fine silt and clay grading to sand. In muddy areas Caulerpa and Halimeda dominate, with scattered coral heads of massive Porites and massive faviids. In clearer waters branching Pori tes, Gorziopora, Echirzop/zyllia, Seriatopora and Fungia also occur. Fish are chiefly pomacentrids. Towards the seaward end of the harbour the coral community increases in diversity dramatically.
Fringing reefs at CRI (Fig. 6b) At the mouth of Nagada Harbour, and along the sea front at Jais Aben Resort the reef flats are dominated by many faviids, branching Montipora and small massive and branching Porites. At increasing depths branching Acropora and more numerous Porites coral heads are interspersed with some large, monospecific stands of Montipo ra, Acroporn, Ech inopora, Leptoseris, Millepoi-a, Pectinia, Seriatopora and Tui-billaria. Large gorgonians and sponges are also common. Over 300 common species of reef fish have been recorded here (Allen, 1987) .
Sea Grass Beds
( Fig. 6c) Just to the north of CRI lie large areas of shallow (1-2 m), well protected reef/rubble flats with scattered sea gsass beds of Enhalus acoroides, interspersed with Porites coral heads. Other sea grasses recorded in the area include Cy~zodocea serrulata, Halodule uninervis, Halophiln ovalis and Thalassia hemprichii. These beds support a diverse holothurian fauna (18 species) (Pearse, 1988) . A network of mangrove-fringed islands and micro atolls make this an interesting mosaic of habitats.
Shallow patch reefs (Padoz and Mizegwadan Reefs)
( Fig. 6d) These reefs are shallow (1 to 2 m), with dense coral cover (30-100%) of high diversity. Many species of massive faviids and large stands of Acropora palifera dominate the reef top. With increasing depths compact acroporas, plate-forming Acropora, Pectinia, and the soft coral Sarc.cophj~tum predominate. In addition Fur~gia, Seriatopora and soft corals become more numerous. The rear (lee) reef slope has a rubble crest, and a more gentle sand slope with occasional Acropora thickets. The other slopes consist of rubble merging into sand and then silt at depths of 20 m. Large gorgonians are commonly found at this depth around all lagoonal patch reefs.
Deep patch reefs (Mazamoz and Yazi Reefs)
( Fig. 6e) These reefs, although in a corresponding position to the former two and within 2-3 km, are remarkably different. Their tops are much deeper, and have a sparser hard-coral cover (0-2096). The reef top is dominated by extensive soft coral communities of Sarcophytum, Sinularia and Lobophytum, as well as numerous gorgonians. Healthy hard coral growth is limited to a narrow depth range around the edges of the reefs, which consists of arborescent and tabulate species of Acropora and plate-like species of Montipora. (Fig. 7) . Certain areas are under dispute, and have been for probably hundreds of years (MiklouhoMaclay, 1977) . Likewise, land and reef disputes are common among the Riwo clans, as population growth places more pressure upon land use and reef exploitation. There are nine major clans in the Riwo area. Of these the Tabat and Bazimut clans are reputedly the oldest. They formerly divided the Riwo region between themselves. The arrival of more recent groups through migration and intermarriage have resulted in a denser mosaic of ownership, especially of the agricultural land the reefs adjacent to the mainland. Marriage is one of the major factors in territory disintegration. The reefs immediately adjacent to the major population centres are often disputed. characterised by a shallow fringing reef with an abrupt drop off at its extreme edge, similar to the fringing reefs of the mainland.
Modern versus Traditional Names
The Barrier Reef 
